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BACKGROUND OF THE INVENTION 
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crystal display having a reflective type display. 


Description of the Related Art 

[0003] A liquid crystal display (LCD) has many advantages. One advantage is that the LCD 
has a flat panel display. The flat display is advantageous because it is thin and not bulky. The 
LCD also has low power consumption. The LCD is used in many applications, for example, 
portable computers such as personal computer notebooks, office automation and audio-visual 
equipment. The LCD displays a picture or image when it manipulates an electric field that is 

ii ■ - 

The LCD emits an external light rather than having a light generated from within, which is 
j fr^-r ^in n inw ^nwinnr cwr\\ oc (A t rp_ 1 ii rn \ n e«c^" re ( E L ^ devires_ cathode rav tubes 

(CRT), light emitting diodes (LED), and similar devices. 

[0004] The LCD is largely classified into either a transmissivc or reflective type display, 
depending on the manner in which the light is emitted. The transmissive LCD includes a liquid 
crystal panel having liquid crystal material injected between two glass substrates, and a back 
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light for supplying a light to the liquid crystal panel. However, it is difficult to make a 
transmissive LCD, which is thin and light weight because of the added bulk and weight of the 
back light. Another drawback is that the back light causes excessive power consumption. 

\ch as in an 

tu. ..fi^tivp t rn h'Ad hppn wicteiv useu a punauit uio F .u ; ^ - 

electronic passport or a personal data association (PDA) because it does not require a back light 
with low power consumption. The reflective LCD having less than sixteen scanning lines usually 
includes a twist nematic liquid crystal mode that has a 90° twist angle. The reflective LCD 
having more than sixteen scanning lines, however, usually includes a super twist nematic liquid 
crystal mode that engages a Diechroic polarizer or a phase compensating plate. The reflective 

, m,,_,_ :« ^r. m n,uf Wp aHnnted a scheme where the device emits the 

LLDs tnat are available in inunwi .m.v « — v 

™^ni tmncmiQ^ion curve of red. sreen, and blue by allowing A 

ditterence oeiween an cic^uu-upru^ui — 

n .d of the super twist nematics to be greater than 1 .Oum, or in the alternative, attaching color 
filters. A polarization-modulated type LCD that uses a polarizing plate and a reflecting plate that 
depends on a very large viewing angle, whereas a reflective LCD that uses an active matrix can 

realize various colors. 

(0006] Referring to Fig. 1 , the conventional reflective LCD includes a polarizer 2 for polarizing 
a natural light into a linear polarized light. The linear polarized light then transmits through a 
retardation film 4, which converts the linear polarized light into a circular polarized light. A 
glass substrate 6 transmits the circular polarized light to a color filter 8, which is arranged in red, 

. , .1- - i 1 1 ti^n mnvprK the circular polarized light into a 

linear polarized light. A reflective plate 14 reflects light that passes through the liquid crystal 

layer 12. 

10007] As shown in Fig. 2A, when a voltage is not applied to the conventional reflective LCD, 
only a first linear polarized light 3 1 (e.g.. S wave) found in an incident light 30 that is mingled in 
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a natural light and a peripheral light transmits through the polarizer 2. The first linear polarized 
light 31 having transmitted through the polarizer 2 is then converted into a right-handed 

. , , i;„fc* n hv mMW of a retardation film 4 having a phase difference value of 

circuiany pumn/xu 115m 1-™.- — - 

L'4. The right-handed circularly polarized light 32 transmits through the glass substrate 6 as it is. 
After the right-handed circularly polarized light 32 transmits through the glass substrate 6, it 
transmits through a rcd(R), green(G), or blue(B) color filter 8 of an absorptive color filter, 
thereby having a specific wavelength. The right-handed circularly polarized light 32 transmits 
through a liquid crystal layer 12 after having transmitted through the color filter 8. 

, , • i ^fforon^P vdnp nf ),/4 is iniected into the 

10008] The liquid crystal layer iz navmg a \ma^ uiuu„„. 

liquid crystal display panel. It is changed into a second linear polarized light 33 (e.g., P wave) 
that is perpendicular to the first linear polarized light 3 1 . The light changed into the second linear 
polarized light 33 is again forward-reflected by the reflective plate to be irradiated onto the liquid 
crystal layer 12. The irradiated second linear polarized light 33a is converted into a right-handed 
circularly polarized light 32a by transmitting through the liquid crystal layer 1 2. The right- 
handed circularly polarized light 32a then transmits through the absorptive color filter 8 again. 
a <w A. ^.-handed circular* polarized light 32a has transmitted through the absorptive color 

filter 8, it is converted again into a first linear polarized light 3 1 a by means oi me reuuuauu, 

, ^ ,; r . a . no i— d Haht ^ 1 a transmits through the polarizer 2 to display a specific color 
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on 


a screen (not shown) of the reflective LCD. 
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[0009] As shown in Fig. 2B, when a voltage is applied to the conventional reflective LCD, only 
a first linear polarized light found in an incident light 30 that is mingled in a natural light and a 
peripheral light transmits through the polarizer 2. The first linear polarized light 31 having 
transmitted through the polarizer 2 is then converted into a right-handed circularly polarized light 
32 by means of a retardation film 4 having a phase difference value of X/4. The right-handed 
circularly polarized light 32 then transmits through the glass substrate 6. After the right-handed 
circularly polarized light 32 transmits through the glass substrate 6, it transmits through a red(R), 
green(G), or blue(B) color filter 8 of an absorptive color filter, t he right-handed circularly 

n ic tVi^n irrcrliQtprl nntn thp linniH rrvstal laver 1 1 in the state of a right-handed 
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circularly polarized light having a specific wavelength. Since the liquid crystal layer 12 is 
supplied with a voltage current, the right-handed circularly polarized light 33 irradiated onto the 
liquid crystal layer 12 is also irradiated onto a reflective plate 14 in the same state, without any 
change. 

[0010] The right-handed circularly polarized light 33 irradiated onto the reflective plate 14 is 
then converted into a left-handed circularly polarized light 33a having a phase change of 180° 
and reflected. The reflected left-handed circularly polarized light 33a is then irradiated onto the 
liquid crystal, which is injected into the liquid crystal panel. When the liquid crystal layer \i is 
supplied with a voltage current, the left-handed circularly polarized light 32a irradiated onto the 
liquid crystal layer 12 then transmits through the absorptive color filter 8 in the same state, 
w ithout any change. The left-handed circularly polarized light 32a transmitted through the 
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absorptive color filter 8 is then converted into a second linear polarized light 31a by means of the 

retardation film 4. Light that is converted into the second linear-polarized light 31a fails to 

transmit through the polarizer 2 because the polarizer 2 is only capable of transmitting a first 

linear polarized light 31, thus, the screen of the reflective LCD is only allowed to be in a 

blackened state. 

[001 1] Conventional reflective LCDs are disadvantageous in that the absorptive color filter is 
positioned on the upper substrate. With the absorptive color filter positioned on the upper 
substrate, a natural or peripheral light must transmit through the color filter twice between the 
time it enters and exits the device. For this reason, the reflection efficiency of a light transmitting 
through the LCD panel is low. Even if the light efficiency is increased in conventional reflective 
LCDs by using color filters, the color purity is deteriorated because color filters that have poor 
purity must be used. 


SUMMARY OF THE INVENTION 
[0012] In view of the above problems a reflective liquid crystal display according to one aspect 

J * — « nn cnhctnifp for n reflective liauid crystal display 

including a substrate, thin film elements formed on the substrate, and color filters formed on the 
thin film elements. Each of the color filters preferably includes a cholesteric liquid crystal. A 
pixel electrode can be formed on each of the color filters, wherein the pixel electrode corresponds 
to a respective color filter. 
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[0013] In another aspecl, the reflective liquid crystal display device can include a first 
substrate, a retardation film disposed on the first substrate, and a polarizing plate disposed on the 
.„♦.,..,»„♦;„« film a tr^ncnarpnt eWtrnHe can be formed on the lower side of the first substrate. A 
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lower plate preferably includes a second substrate, thin film elements formed on the second 
substrate, and color filters formed on the thin film elements. Each of the color filters preferably 
includes a cholestric liquid crystal. A pixel electrode can be formed on each of the color filters, 
wherein the pixel corresponds to a respective color filter. A liquid crystal layer can be filled 
between the first substrate and the second substrate. 


RR1FF DESCRIPTION OF THE DRAWINGS 

[0014| Fig. 1 is a schematic section view showing a structure of a conventional reflective liquid 
crystal display; 

|001 5] Fig. 2A depicts a driven state of the conventional reflective liquid crystal display shown 
in Fig. 1, without a voltage being applied; 

[0016] Fig. 2B depicts a driven state of the conventional reflective liquid crystal display shown 


[001 7] Fig. 3 is a schematic section view showing a structure of a reflective liquid crystal 
display according to an embodiment of the present invention; 

[0018] Fig. 4A depicts a driven slate of the reflective liquid crystal display shown in Fig. 3, 
without a voltage being applied; 
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[00191 FifT /iU ^an^t. , j„: , , ...... 

Lt - . ^ ™ - F1 u S a duvcii state or tne reilective liquid crystal display shown in Fig. 3, 
with a voltage being applied; and 
[0020J Fig. 5 is a schematic section 

— a auuauie ui a renective liquid crystal 

display according to another embodiment of the present invention. 


DETAILED DFSCR IPTTON OQHE_PREFERRED EMRODIMFKIT^ 


[0021] Reference will now be made in detail to the oreferred emhnHi 


invention pvqmnlpc of :n..-, . , 1 ■ 

, ^ aic n.uMiaieu in tne accompanying drawings. Referring to Fig. 3, a 

reflective liquid crystal display (LCD) ls illustrated according to a preferred embodiment of the 
present invention. The reflective LCD can include an upper plate mounted with a glass substrate 


1 f\ r\ 


1 06 a retard inn film 1 f \ 1 ,^ ,-, .1 ,-. i ■ . 

... a.,u d puiarizer iuz. ine retardation film 104 can be adhered between 
the top surface of the glass substrate 106 and the lower surface of the polarizer 102. A 
transparent electrode (not shown), which can be manufactured from indium tin oxide (ITO), or 
an equivalent substance can be placed below the glass substrate 106. Reflective red, green and 
blue color filters 109 can be made from a polymerized cholesteric liquid crystal (CLC). These 


glass substrate 116, and thin film elements 111. The thin film elements 111 can include 
switching devices (such as thin film transistors (TFT)), data lines, and gate lines. These thin film 
elements 1 1 1 can be disposed on the glass substrate 1 16. A color filter 109 and corresponding 
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«- a ii ti^ thin film elements 1 1 1 The reflective color filters 109 
nivpl electrode 107 are affixed above the thin turn element 

I 

preferably have a proper,, .ha, only reflects a right-handed circularly polarized light or a left- 


handed circularly po 


i;„v,t ,„hiiP transmitting the remaining circular-polarized light. 
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Further, .he rcflec.ive eolor filters 109 can be manufactured such tha, each reflective color filter 

thin film element 1 1 1 and a pixel electrode 107 to serve as an insulating 


109 is formed between a 


film. Subsequently, the pixel electrodes 107 tha, are formed on the reflective coio, filters ,09 
,„„,v a voltage ,0 a h,uid crystal layer 1.5. The update and the lower plate of the reflective 


LCD that are formed in this manner can be adhered to each other. A liquid crystal 115 havmg a 

. ■ ■ ... j L „„„ ,i,p „nnpr and lower elates. An alignment 

phase difference value of kfl can oe injecieu uciw^., u«, » vv . 

,ayer may be used when injecting the liquid crystal 115 between the upper and lower plates. 
(00221 As show, in Fig. 4A, when a voltage is not applied to the reflective LCD according to a 
preferred embodiment, only a first linear polarized light 131 (e.g., S wave) found in an incident 
light 130 mingled in a natural light and a peripheral light transmUs through the polarizer 102. 
The first linear polarized light 1 3 1 that has transmitted through the polarizer 1 02 can then be 
converted into a right-handed circularly polarized light 1 32 by means of the retardation film 1 04 
,„.,„,. „ „w„ Hifferenr, value of a/4. The right-handed circularly polarized light 132 can 


transmit through the glass substrate 106 as i, ,s. After the ngh.-hanoec ctrcu.a,,, 
, 32 transmits through the glass substrate 1 06. i, transmits through the liquid crystal 1 1 5 having a 
phase difference value of VI that converts it into a left-handed circularly polarized light 133. 
The light changed into the left-handed circularly polarized light 1 33 and trrad.ated onto the 
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~ . , r-.. iaa _.n„„,„ „ i;„v,t nf, cnprifir wavoleneth and transmits light of the 
rellective coior uiicis> iw icuuu « "t, 1 " — i ~ 

remaining wavelength, found in a reflection characteristic of a polymerized cholesteric liquid 
crystal wliicn is a propeny ui me lwnwvutt wiwi i. ........ — 

[0023] The light having a specific wavelength can be reflected in a left-handed circularly 
polarized light 133a while the light having the remaining wavelength are absorbed through the 
absorptive layer 113. The light having the specific wavelength, in a left-handed circularly 
polarized light 1 33a can again be irradiated onto me liquid u-ysta, iay ^ l . , n«\ .n a a p..a-c 
difference value of h'2. The irradiated left-handed circularly polarized light 133a transmits 
through the liquid crystal layer 1 1 5 and can then be converted into a right-handed circularly 
polarized light 1 32a. The right-handed circularly polarized light 132a can transmit through the 
ai a « «,,h,trate 1 06 with no change and can be irradiated onto the retardation film having a phase 
difference value of M. The right-handed circularly polarized light 132a irradiated onto the 
retardation film 1 04 can again be changed into the first linear polarized light 1 3 1 a in the process 
of transmitting through the retardation film 104. The light changed into the first linear polarized 
light 1 3 1 a transmits through the polarizer 1 02 to display a color of the specific cell on the screen 


[0024] As shown in Fig. 4B, when a voltage is applied to the conventional reflective LCD, only 
a first linear polarized light found in an inc.dent light 130 that is mingled in a natural light and a 
peripheral light transmits through the polarizer 1 02. The first linear polarized light 1 3 1 having 
transmitted through the polarizer 102 can then be converted into a right-handed circularly 
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„u r w.A liaht 1 V hv means of the retardation film 104 having a phase difference value of h'A. 


The right-handed circularly polarized light 132 can transmit through the glass substrate 106 as it 

ic AfW Hip nuht-handeri rircuiariv noianzeu wzm in uaii&nms uu^u^n u.w b ^ - 

it can be irradiated onto the liquid crystal layer 115. When the liquid crystal layer 1 1 5 is in a 
state having no phase difference value, the right-handed circularly polarized light 132 that is 
irradiated onto the liquid crystal 1 15 can then be irradiated on the reflective color filter 109 in the 

, . -xi....* u„„„ P TUo^fioMivppoiorfiltpr 109 transmits the entire right-handed 

same state, witnuLii iiny cudiigc. i^ini^uv^uu ...i.. .!<..-■- . 

circularly polarized light 1 33 since it was manufactured such that only a predetermined left- 
handed circularly polarized light should be reflected. Therefore, the right-handed circularly 
polarized light 133 that is irradiated onto the reflective color filter 109 transmits through the 
reflective color filter 109 as it is. The right-handed circularly polarized light 133 can then be 
entirely absorbed by the absorptive plate 113, thus, the screen of the reflective LCD is only 
allowed to be in a blackened state. 

[0025] Referring to Fig. 5, a reflective liquid crystal display (LCD) is illustrated according to 
another embodiment of the present invention. The reflective LCD in Fig. 5 has a similar driving 

4 A and 4B. and according to the 

embodiment shown in Fig. 3. Thus, a detailed explanation as to a driving characteristic of the 

reflective LlD accoraing to tnis emouaimuu \\m uimuvu. 

[0026] In Fig. 5, the reflective LCD can include an upper plate mounted with a glass substrate 
206, a retardation film 204, and a polarizer 202. The retardation film 204 can be adhered 
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between the top surface of the glass substrate 206 and the lower surface of the polarizer 202, A 
transparent electrode (not shown), which can be manufactured from indium tin oxide (ITO), or 
an equivalent substance can be placed below the glass substrate 206. Reflective red, green and 
blue color filters 209 are preferably made from a polymerized cholesteric liquid crystal (CLC). 
These color filters 209 can be mounted on a lower plate including an absorptive plate 213, a glass 
substrate 216, and thin film elements 211. The thin film elements 21 1 can include switching 
devices (such as thin film transistors (TFT)), data lines, and gate lines. These thin film elements 
211 are preferably disposed on the glass substrate 216. A color filler 209 and corresponding 
pixel electrode 207 can be affixed above the thin film elements 211. The reflective color filters 
209 have a property that only reflects a left-handed circularly polarized light or a right-handed 
circularly polarized light while transmitting the remaining circular-polarized light. An insulating 
layer 220 can entirely cover the thin film elements 21 1 and the reflective color filters 209. The 
insulating layer 220 can be formed by deposition of an organic insulating material such as an 
acrylic organic compound, BCB (P-stagged-divinyl-siloxane-benzocyclobutene) or PFCB 
(perfluorocyclobutane), or an equivalent material. The insulating layer 220 can be provided on 

color filters 209. The pixel electrodes 207 that apply a voltage to a liquid crystal layer 215 can 
then be formed on the insulating layer 220. The pixel electrodes 207 preferably contact the thin 
film elements 21 1 via contacting means, such as a hole, or similar structure. The upper and lower 
plate of the reflective LCD can be formed in this manner and subsequently adhered to each other. 
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A liquid crystal layer 215 having a phase ditrerence value oi ku can men oe proviucu u^miu, 
the upper and lower plates. An alignment layer may be used when injecting the liquid crystal 215 


between the upper and lower plates. 
[0027] As described above and according to the present invention, the reflective color filters 
can be provided on the thin film elements that are formed on the lower plate of the reflective 
LCD. The insulating layer serves as a light reflecting device as well as an insulating film 
between each thin film element and each pixel electrode. Accordingly, the color purity and the 
brightness can be improved. 

[00281 A lthoueh the present invention has been explained by the embodiments shown in the 

I J " <J A 

drawings described above, it will be apparent to those skilled in the art that the invention is not 
limited to those embodiments, but rather that various changes or modifications thereof are 
possible without departing from the spirit of the invention. Thus, it is intended that the present 
invention covers the modifications and variations of this invention provided they come within the 
scope of the appended claims and their equivalents. 
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